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STRUCTURE CONTAINING METAL
MICROPARTICLES

TECHNICAL FIELD

The present mvention relates to a structure comprising

metal microparticles and a specific lipophilic montmorl-
lonite mineral group or mica mineral group.

BACKGROUND ART

Until now, wvarious compositions containing metal
microparticles that exploit the characteristics of fine metal
particles have been proposed. For example, Patent Docu-
ment 1 describes that precious metal microparticles are
allowed to agglomerate in a flowable matrix as represented
by smectite to obtain a composite having a stable agglom-
cration state.

Now, since the surface and the interlayer space of a
montmorillonite mineral group (clay-based layered com-
pound) such as smectite are hydrophilic, 1t has properties of
showing aflinity with a highly polar solvent such as water or
dimethylsulfonamide but not with a solvent having low
polarity such as toluene or ketonic solvent. Therefore, use of
a montmorillonite mineral group such as smectite has been
dificult to produce a composite of metal particles and a
layered compound that has athinity with a substance having
low polarity. Meanwhile, a composite of metal particles and
a layered compound that has aflinity with a substance with
low polarity has industrial benefits such as: (1) good work-
ing efliciency due to good volatility; and (2) enhancement of
a photoelectric conversion efficiency of an organic solar cell.

The present inventor had succeeded 1n accomplishing an
invention of a method for producing a composite of metal
particles and a layered compound which has good atlinity
with a substance having low polarity by intercalation of
organic 1ons (Patent Document 2). This method, however,
has problems such as: (1) use of metal particles (metal plate
microparticles, etc.) other than metal colloids (metal par-
ticles, or metal particles whose surface 1s at least partially
covered with a dispersant such as citric acid); and (2) further
enhancement of the dispersion stability for practical use.

Patent Document 1: Japanese Unexamined Patent Appli-
cation Publication No. 2006-184247

Patent Document 2: Japanese Unexamined Patent Appli-
cation Publication No. 2012-166145

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The present mnvention has an objective in obtaining a
structure comprising metal plate microparticles and a lipo-
philic clay-based intercalation compound, which 1s excellent
in dispersion stability and has practical stability.

Means for Solving the Problems

In order to solve the above-described problems, the pres-
ent 1nventors have continued studies on a dispersion stabi-
lizer for metal plate microparticles and consequently found
that a structure which 1s excellent in dispersion stability and
has practical stability can be obtamned by mixing metal
microparticles with a specific clay-based intercalation com-
pound at a specific mixing ratio, thereby accomplishing the
present invention. Examples of the shapes of the metal
microparticles include a sphere, a cube, a cuboid, polyhe-
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2

drons such as an octahedron, a star, a plate, a rod, a wire and
a prism. In particular, the metal particles have a plate-like
shape alone, or a mixture of a sphere, a cube, a cuboid or a
polyhedron such as an octahedron and a plate-like shape so
that the structure of the present invention shows various
properties by controlling the ratio thereof.

Specifically, the present invention 1s a structure contain-
ing metal microparticles and a lipophilic clay-based inter-
calation compound at a weight ratio of 0.01 to 50. The metal
microparticles are, for example, at least one selected from
the group consisting of gold, silver, copper, platinum, pal-
ladium and rhodium. In addition, according to the present
invention, at least some of the metal microparticles have
plate-like shapes, where the plate-like metal microparticles
have a thickness of 1 nm to 50 nm and the long axis of the
principal plane of 10 nm to 5000 nm. Moreover, the aspect
ratio of the plate-like metal microparticles 1s at least 3, and
preferably 3 or more. Herein, an example of the metal
microparticles contains at least silver.

Furthermore, a lipophilic clay-based intercalation com-
pound belongs to a lipophilic montmorillonite mineral group
or a mica mineral group. In a preferred embodiment, while
the lipophilic clay-based intercalation compound 1s lipo-
philic smectite, lipophilic saponite or lipophilic hectorite, a
synthetic compound may also be used as the lipophilic
clay-based intercalation compound. The structure of the
present invention 1s preferably a film-like structure.

In addition, the present invention 1s a method for produc-
ing a structure containing metal microparticles and a lipo-
philic clay-based intercalation compound at a weight ratio of
0.01 to 50, the method comprising Steps 1 to 3 below.

Step 1: step of preparing a dispersion solution containing
metal microparticles, a clay-based intercalation compound
and a liquid dispersion medium such that the weight ratio of
the metal microparticles and the lipophilic clay-based inter-
calation compound 1s 0.01 to 30.

Step 2: step of coating the dispersion solution on a support
to obtain a coated film.

Step 3: step of removing the liqmd dispersion medium
from the coated film.

In Step 1, the dispersion solution preferably contains a
resin. Examples of the resin include at least one type
selected from the group consisting of polyol, polycarboxylic
acid, polysulfonic acid, polyether, polyester, polyamide,
polyvinyl butyral, polysiloxane, polyvinyl pyrrolidone and
polycation compounds.

Furthermore, the present invention 1s a structure contain-
ing polyhedron metal microparticles including spherical
microparticles with an average particle size of 1 nm to 300
nm, plate-like metal microparticles with a thickness of 1 nm
to 50 nm, a long axis of the principal plane of 10 nm to S000
nm and an aspect ratio 1s 3 or more, and a lipophilic
clay-based intercalation compound.

Fftect of the Invention

According to the present invention, a structure having a
practical strength can be obtained while maintaining the
dispersion stability of the metal microparticles as much as
possible. Furthermore, according to the present invention, a
structure having a practical strength and that can easily
absorb light by increasing the plasmon eflect, a structure
having a practical strength with increased transparency for
visible light, and a structure having a practical strength with
increased substance permeability can be obtained.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A picture of a structure according to a first
embodiment of the present invention taken with a scanning
clectron microscope.

FIG. 2 A picture of a structure according to a third
embodiment of the present invention taken with a scanning
clectron microscope.

FIG. 3 A picture of a structure according to a fourth
embodiment of the present invention taken with a scanning
clectron microscope.

FIG. 4 A picture of the plate-like silver nanoparticle A
aqueous dispersion (dried product) prepared in Example 2
taken with a scanning electron microscope.

BEST MODES FOR CARRYING OUT THE
INVENTION

Hereinafter, modes for carrying out the present invention
will be described in detail.

A first embodiment of the present invention 1s a structure
contaiming metal microparticles and a lipophilic clay-based
intercalation compound at a weight ratio of 0.01 to 30.

Metal microparticles of a structure according to a second
embodiment of the present invention consists of at least one
selected from the group consisting of gold, silver, copper,
platinum, palladium and rhodium.

Metal microparticles of a structure according to a third
embodiment of the present invention have a plate-like shape,
where the plate-like metal microparticles have a thickness of
1 nm to 50 nm, a long axis of the principal plane of 10 nm
to 5000 nm, and an aspect ratio of 3 or more. In addition,
another embodiment of a structure of the present invention
contains plate-like metal microparticles alone, or a mixture
of polyhedron metal microparticles including spherical
microparticles with an average particle size of 1 nm to 300
nm and plate-like metal microparticles, where the weight
ratio of the polyhedron microparticles including spherical
microparticles 1s 10 or less with respect to the plate-like
metal microparticles.

A structure according to a fourth embodiment of the
present invention 1s a clay-based intercalation compound
that 1s lipophilic. A structure according to another embodi-
ment of the present invention has metal microparticles with
a plate-like shape, where the thickness of said plate-like
microparticles 1s 1 nm to 50 nm, the long axis of the
principal plane of 10 nm to 5000 nm and the aspect ratio of
3 or more. The structure contains the plate-like micropar-
ticles alone or a mixture of 1t with polyhedron metal
microparticles including spherical microparticles with an
average particle size of 1 nm to 300 nm, and a lipophilic
clay-based intercalation compound. The lipophilic clay-
based intercalation compound may of a single type or a
combination of multiple types of clay-based intercalation
compounds.

The clay-based intercalation compounds of the present
invention refer to a montmorillonite mineral group and a
mica mineral group. The montmorillonite mineral group 1s a
clay mineral represented by the following general formula
(X,Y), s7.0,,(OH),. mH,O—(W, ;) [wherein, X=Al,
Fe(III), Mn(III), Cn(III); Y=Mg, Fe(1l), Mn(II), N1, Zn, Li;
/=51, Al; W=K, Na, Ca; H,O 1s interlayer water; and m 1s
an integer|. Here, depending on the difference i the com-
bination as well as the number of substitution of X and Y,
there may exist many types ol natural products such as
montmorillonite, magnesian montmorillonite, iron mont-
morillonite, 1ron magnesian montmorillonite, beidellite, alu-
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4

minian beidellite, nontronite, aluminian nontronite,
saponite, aluminian saponite, hectorite and sauconite. Other
than these natural products, synthetic compounds and the
like 1 which the OH group in the above-mentioned general
formula 1s replaced by a halogen such as fluorine are also
commercially available and any of them can be used.

The mica mineral group may be sodium silicic mica,
sodium taeniolite or lithium taeniolite. In particular, a lipo-
philic clay-based intercalation compound that can be syn-
thesized from a clay-based intercalation compound and
C,-C,, alkyl quaternary ammonium cation 1s useful for the

present 1nvention. Examples include smectite such as

Lucentite SAN, Lucentite SAN316, Lucentite STN, Lucen-
tite SEN and Lucentite SPN (all trade names) from Co-op
Chemical Co., Ltd., saponite (e.g., organified saponite) and
bentonite from Kunimine Industries Co., Ltd., and hectorite
(e.g., organified substance of synthetic hectorite) from

Rockwood.

The average particle sizes of the polyhedron metal
microparticles including spherical microparticles and the
plate-like metal microparticles used with the present inven-
tion are measured by dynamic light scattering method, Sears
method, laser diffraction/scattering method or the like. The
aspect ratio of the plate-like metal microparticles 1s deter-
mined from an 1mage observed using a scanning electron
microscope.

Hereinaftter, the first embodiment of the present invention
will be described.

The first embodiment of the present invention 1s a struc-
ture 1n which a weight ratio of the metal microparticles and
the lipophilic synthetic smectite (weight of lipophilic syn-
thetic smectite/weight of metal microparticles) meets 0.01 to
50. The structure of the present invention may take a form
of an aggregate which 1s formed such that the surfaces of the
plate-like metal microparticles and the polyhedron metal
microparticles including spherical microparticles are cov-
ered by smectite. Accordingly, a structure excellent 1n dis-
persion stability and also excellent 1n temporal stability can
be obtained.

A microscopic picture of the structure according to the
first embodiment the present invention taken with a scanning
clectron microscope 1s shown 1n FIG. 1. In this structure, the
plate-like metal microparticles are covered with smectite,
and they hardly agglomerate with other plate-like metal
microparticles. In the above-described state, the structure
exhibits special optical property due to the surface plasmon
cllect of the plate-like metal microparticles, and expresses a
light absorbing eflect. In this regard, 1t may be preferable,
depending on the desired optical property, that the principal
planes of about 2 to 5 plate-like metal microparticles are
assembled/agglomerated with each other, and thus it 1s
important to strictly control the agglomeration state of the
plate-like metal microparticles upon producing the structure
of the present invention.

According to the first embodiment of the present inven-
tion, the weight ratio of the metal microparticles and the
lipophilic synthetic smectite (weight of lipophilic synthetic
smectite/weight ol metal microparticles) meets 0.01 to 50. It
this weight ratio 1s less than 0.01, the dispersion stability
would be insuilicient and results 1n poor temporal stability.
On the other hand, if the weight ratio 1s 50 or higher, the
amount ol smectite covering the plate-like metal micropar-
ticles and else becomes too much, resulting in low surface
plasmon eflect. In particular, the weight ratio i1s preferably
0.05 to 20 for the purpose of eflectively expressing various
optical properties of the plate-like metal microparticles.
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The metal microparticles are plate-like microparticles
alone or a mixture of polvhedron microparticles including
spherical microparticles and plate-like microparticles. The
plate-like metal microparticles have a thickness of 1 nm to
50 nm and a principal plane with a shape of a star, a triangle,
a polygon, a substantial polygon or the like, where the long
axis of said principal plane 1s 10 nm to 5000 nm and the
aspect ratio thereof 1s 3 or more. In terms of interaction force
between the plates such as the imteractomic force and the van
der Waals’ force, the long axis of the plate-like metal
microparticles 1s preferably 30 nm to 1500 nm.

The aspect ratio according to the present invention 1s the
value obtained by dividing the long side of the principal
plane by the thickness. Here, the plate-shaped principal
plane has the largest area and refers to two planes facing
cach other, while the thickness refers to the side length
sandwiched 1n between the two principal planes. Addition-
ally, the shape of a star or a polygon of the principal plane
refers to the shape of the principal plane projected in the
normal direction. The long side of the principal plane refers
to the longest part between a corner (apex) to a corner (apex)
of the principal plane.

Hereinafter, the second embodiment of the present inven-
tion will be described.

While the structure according to the second embodiment
ol the present mvention contains at least one of gold, silver,
copper, platinum, palladium and rhodium as the metal
microparticles, 1t preferably contains a single composition of
any one of gold, silver or copper or an alloy containing at
least one of them, and particularly preferably contains silver
alone.

Hereinafter, the third embodiment the present invention
will be described.

The third embodiment of the present invention 1s a
structure that contains metal plate microparticles alone, or
polyhedron metal microparticles 1ncluding spherical
microparticles having an average particle size ol 1 nm to 300
nm and plate-like metal microparticles having a thickness of
1 nm to 50 nm, the long axis of the principal plane thereof
of 10 nm to 5000 nm and the aspect ratio thereof of 3 or
more, where the weight ratio of the metal microparticles 1s
10 or less with respect to the plate-like metal microparticles.
Although the mixed amount of the polyhedron metal
microparticles including the spherical microparticles may
preferably be as small as possible for some cases, their
existence 1s inevitable to some extent through the production
steps or due to the fracture of the plate. According to the
present mvention, depending on the desired optical proper-
ties (for example, light-scattering property or the like), it
may be more preferable that the polyhedron metal micropar-
ticles including spherical microparticles and the plate-like
metal microparticles are mixed together for some cases, in
which cases 1t 1s important to control the above-described
weilght ratio.

A picture of the structure according to the third embodi-
ment of the present invention taken with a scanning electron
microscope 1s shown 1 FIG. 2. FIG. 2 shows the spherical
metal microparticles attached to the plate-like metal
microparticles, where both microparticles are covered with
smectite.

Hereinafter, the fourth embodiment of the present inven-
tion will be described.

The fourth embodiment of the present invention 1s a
structure 1n which the smectite 1s a lipophilic synthetic
smectite. A picture of the structure according to the fourth
embodiment of the present invention taken with a scanning
clectron microscope 1s shown in FIG. 3. The lipophilic
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synthetic smectite can be finely dispersed or molecularly
dissolved 1n a solvent to cover the metal microparticles and
clse. Since the metal microparticles and else can easily be
dispersed in the solvent, it can be easily applied to a structure
of the present invention and the formation of the film thereof
becomes ecasy.

The structure of the present invention 1s made of a
composite 1 which the surfaces of the metal microparticles
are coated with a lipophilic clay-based intercalation com-
pound. Another embodiment of a structure of the present
invention may also take a form in which the metal micropar-
ticles are assembled or agglomerated in the above-described
composite. Another embodiment of a structure of the present
invention may alternatively take a layered form in which the
metal microparticles are laminated i1n the above-described
composite. According to another embodiment of a structure
of the present invention, the above-described composite may
also be used 1 a mixture, an assembly or a composition
depending on use.

Although the structure of the present invention may have
a film-like shape, a fiber-like shape, a particle-like shape or
the like, a film-like shape 1s preferable from the perspective
of the beneficial use of the expressed optical property,
substance permeability, conductivity and else. In this case, 1n
order to maintain the flexibility of the film, the thickness of
the structure 1s preferably 10 um or less.

Hereinatter, a method for producing a structure of the
present invention will be described by taking a structure in
a 11lm-like form as an example. The structure of the present
invention can efliciently be produced by utilizing a liquid
dispersion medium (Steps 1 to 3).

Step 1: Step of preparing a dispersion solution containing
metal microparticles, a lipophilic clay-based intercalation
compound and a liquid dispersion medium such that the
welght ratio of the metal microparticles and the lipophilic
clay-based intercalation compound 1s 0.01 to 50.

Step 2: Step of coating the dispersion solution onto a
support to obtain a coated film.

Step 3: Step of removing the liquid dispersion medium
from the coated film.

Typically, the dispersion solution used with the present
invention may be prepared, for example, according to any
one of the following methods [1] to [4], although the method
for preparing the dispersion solution 1s not limited these
methods.

[1] Method 1n which metal microparticles and a lipophilic
clay-based intercalation compound used are all added to and
dispersed in a common liquid dispersion medium at the
same time.

[2] Method 1n which metal microparticles are dispersed 1n
a liquid dispersion medium to prepare a metal microparticle
dispersion solution while a lipophilic clay-based intercala-
tion compound 1s dispersed 1n a liquid dispersion medium to
separately prepare a lipophilic clay-based intercalation com-
pound, and subsequently the respective dispersion solutions
are mixed.

[3] Method 1n which metal microparticles are dispersed 1n
a liquid dispersion medium to prepare a metal microparticle
dispersion solution, to which a lipophilic clay-based inter-
calation compound 1s added and dispersed therein.

[4] Method 1in which metal microparticles are formed in a
liqguid dispersion medium to prepare a metal microparticle
dispersion solution containing the metal microparticles
while a lipophilic clay-based intercalation compound dis-
persion solution containing a lipophilic clay-based interca-
lation compound i1s separately prepared, and subsequently
the respective dispersion solutions are mixed.
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In order to achieve more homogeneous dispersion, the
dispersion solution 1s subjected to forced dispersion proce-
dure such as ultrasonic dispersion, ultrahigh-pressure dis-
persion or the like, thereby homogeneously dispersing the
metal microparticles 1n the dispersion solution. In addition,
the lipophilic clay-based intercalation compound and the
metal microparticles used for preparing the dispersion solu-
tion are preferably in colloid states.

The liquid dispersion medium of the present ivention
may be any medium as long as 1t has the function to allow
dispersion of the metal microparticles and else. Water or an
organic solvent may be used. Moreover, the metal micropar-
ticles may be subjected to surface treatment in order to
improve the dispersibility in the above-described solvent, or
may be added with a dispersion medium electrolyte or a
dispersant assistant.

If the metal plate microparticles and smectite are to be
dispersed 1n colloidal states 1n Step 1 mentioned above, pH
may be adjusted, or an electrolyte, 1n particular citric acid or
other similar organic acid and a dispersant may be added, as
necessary. Furthermore, for homogeneous dispersion, a pro-
cedure such as stirring with a stirrer, ultrasonic dispersion or
ultrahigh-pressure dispersion (ultrahigh-pressure homog-
enizer) may be employed 11 necessary. The concentration of
the smectite dispersion solution 1s not particularly limited,
but 1t 1s desirable to be 1 to 50% by weight so as to maintain
stability in the solution of the metal plate microparticles.

According to the present invention, the dispersion solu-
tion may contain a resin. Examples of the resin include at
least one type selected from the group consisting of polyol,
polycarboxylic acid, polysulfonic acid, polyether, polyester,
polyamide, polyvinyl butyral, polysiloxane, polyvinyl pyr-
rolidone and polycation compound, which may be used
alone or 1n a suitable combination.

In Step 2 mentioned above, the method for coating the
dispersion solution onto the support is not particularly
limited. For example, a known method such as gravure
coating, reverse coating, roll coating, spray coating, die
coating or bar coating may be used for application.

In Step 3 mentioned above, the pressure and the tempera-
ture upon the step of removing the liquid dispersion medium
from the coated film may appropriately be selected accord-
ing to the smectite, the metal plate microparticles and the
liquid dispersion medium used. For example, 11 the liquid
dispersion medium 1s water, the liquid dispersion medium
can be removed at 25° C. to 60° C. under a normal pressure.

EXAMPLES

Hereinatter, the present invention will be described spe-
cifically by means of examples, although the present inven-
tion 1s not limited to these examples. Various improvements
and modifications are mncluded without departing from the
spirit of the present invention.

Example 1

The main materials used were as follows.

[Silver Nanoparticle Aqueous Dispersion]

As a silver nanoparticle aqueous dispersion, a prototype
from Da1 Nippon Toryo was used. This dispersion solution
was an aqueous dispersion of mixed-type silver nanopar-
ticles that contains plate-like particles and polyhedron par-
ticles including spherical particles. The average long axis of
the principal plane of the plate-like microparticles was 500
nm to 800 nm and the thickness thereof was 10 nm to 20 nm.
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The average particle size of the spherical particles was 150
nm. The content of silver in the dispersion solution was
0.006% by weight.

| Preparation of Lipophilic Clay-Based Intercalation Com-
pound]

1 gram of synthetic saponite from Kunimine Industries
Co., Ltd. (trade name: SA) was dispersed 1n 60 ml of pure
water so as to form microparticles, thereby preparing a
dispersion solution. A solution obtained by dissolving 1
gram ol benzyloctadecyl dimethyl ammonium chloride into
60 ml of pure water heated to 50° C. 1n advance was added
to a microparticle dispersion solution containing the above-
described saponite, while stirred with heat at 50° C. At the
end of mixing, stirring was continued for an hour. Thereat-
ter, the solution was left overmight and the temperature was
allowed to return to room temperature. The resulting pre-
cipitated white sediment was filtered, collected, washed with
100 ml of pure water followed by cold methanol and dried.

[ Preparation of Silver Nanoparticle-Lipophilic Clay Com-
posite]

1% by weight of toluene dispersion solution of the
above-described lipophilic synthetic clay was prepared. 11
ml of viscous liquid was collected, diluted with 9 ml of a
mixed solvent of dichlorobenzene: chloroform=1:3 (vol/
vol), then added and well shaken with 100 ml of the
above-described silver nanoparticle aqueous dispersion. The
resultant was subjected to extracting operation and left
alone, which resulted three separated layers, 1.e., a water
phase, a bluish-green phase and an ocher color phase from
the top. The ocher color phase was collected from the
separated layer, to which a mixed solvent of a large amount
of water and ethanol was added, thereby obtaining beige
sediment. This sediment was collected, filtered, washed with
a large amount of ethanol and then dried. This collected
substance was dispersed in a mixed solvent of DMSO and
water to obtain a dispersion solution, which was used to
form a film. In a picture of this film taken with a scanning
clectron microscope, plate-like silver nanoparticles embed-
ded 1n a large amount of fine lipophilic synthetic clay were
observed.

Example 1 was assessed according to the following
method.

The above-described silver nanoparticle-lipophilic clay
composite was used to prepare a dispersion solution for
application that will be described 1n the following section.
The dispersion solution was directly applied on the light-
receiving surface of the silicon photodiode (S2386-8K from
Hamamatsu Photonics) to form a film (dried), and then the
photocurrent resulting from light irradiation was measured
with a potentiostat-galvanostat (COMPACTSTAT from
Ivium Technologies). In order to confirm the increase in the
photocurrent upon application of the composite dispersion
solution, the ratio of the photocurrent before and after the
application of the composite (photocurrent atter application
of the composite/photocurrent before application of the
composite) was determined with the same silicon photo-
diode. The light radiated on the silicon photodiode was the
light emitted directly from the Xe lamp as the light source
of HM-23Q hyper monolight from JASCO Corporation
while setting the wavelength counter to 0 nm.

| Preparation of Silver Nanoparticle-Lipophilic Clay Com-
posite Dispersion Solution Used for Application onto Sili-
con Photodiode]

The sediment (powdery) of the above-described compos-
ite ol silver nanoparticles and lipophilic clay collected was
dispersed 1mn a mixed solvent of y-butyrolactone: IPA=1:1
(vol/vol) to form microparticles (first IPA was used for
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dispersion followed by addition of y-butyrolactone and the
resultant was subjected to ultrasonic dispersion for about 30
minutes). The resulting dispersion solution was used and
directly applied onto the light-receiving surface of the
silicon photodiode to form a film (dried). Then, the photo-
current of the silicon photodiode was measured according to
the above-described technique, confirming an increase in the
photocurrent by approximately 4% as compared to the case
betore the application.

Comparative Example 1

Preparation of Composition of Silver
Nanoparticle-Hydrophilic Clay Composite

In the preparation of the composite of silver nanoparticles
and lipophilic clay shown in Example 1, hydrophilic syn-
thetic sapomite that was not substituted with quaternary
ammonium (synthetic saponite from Kunimine Industries
Co., Ltd., trade name: SA) was directly used, instead of
lipophilic synthetic clay, to prepare 1% by weight of an
aqueous dispersion. 11 ml was taken from the prepared
dispersion solution, and added with 100 ml of the silver
nanoparticle aqueous dispersion described in Example 1
followed by 9 ml of a mixed solvent of dichlorobenzene:
chloroform=1:3 (vol/vol). Thereaftter, the solution was well
shaken, subjected to extracting operation and left alone,
which resulted two separated layers, 1.e., a grayish black
water phase and a colorless transparent organic phase from
the top. From the separated layers, the grayish black phase
was taken and added with a large amount of ethanol to
filtrate the sediment. The filtrated sediment was washed with
a large amount of ethanol and then dried.

Next, in the same manner as the preparation of the
dispersion solution of the composite of silver nanoparticles
and lipophilic clay for application onto a silicon photodiode
described 1n Example 1, the sediment (powdery) of the
composite of silver nanoparticles and hydrophilic clay col-
lected as described above was dispersed 1n a mixed solvent
of vy-butyrolactone: IPA=1:1 (vol/vol) to form micropar-
ticles. As a result, a grayish black dispersion solution was
obtained, which immediately gave black sediment when left
alone, revealing that the dispersion stability as a paint was
extremely poor.

Moreover, in the same manner as Example 1, this disper-
sion solution was directly applied onto the light-receiving
surface of the above-described photodiode and dried. As a
result, agglomerates were occasionally observed and did not
form a uniform coating. Subsequently, an assessment
method similar to that in Example 1 was employed to
measure the photocurrent of the silicon photodiode. As a
result, photocurrent that was only about 70% of that before
the application was obtained, showing no sign of amplifi-
cation of the photocurrent, unlike Example 1.

Example 2

Preparation of Plate-Like Silver Nanoparticle
Aqueous Dispersion

A plate-like silver nanoparticle aqueous dispersion was
prepared in the following procedure (silver content: 0.001%
by weight). All of the reagents used were Wako Special
Grade from Wako Pure Chemical Industries.

(1) 250 ul of a 150 mM trisodium citrate aqueous solution,
50 ul of a 50 mM silver nitrate aqueous solution and 60 ul
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ol 30% hydrogen peroxide water were sequentially added to
24 ml of ultrapure water while stirring.

(11) 125 ul of a 100 mM sodium tetrahydroborate aqueous
solution prepared at 1ce temperature was added while stir-
ring more vigorously.

(111) Vigorous stirring was continued at least for 30
minutes aiter the addition of the sodium tetrahydroborate
aqueous solution. The resultant was lett to stand for another
five days or longer, thereby obtaining an aqueous dispersion
of silver nanoplate nuclei a.

(1v) 1250 ul of the above-described aqueous dispersion of
silver nanoplate nucler a and 65 ul of a 20 mM ascorbic acid
aqueous solution were sequentially added to 18 ml of
ultrapure water while stirring.

(v) 4750 ul of a 0.5 mM silver nitrate aqueous solution
was added at a tlow rate of 1000 ul/min while stirring more
vigorously.

(v1) Immediately after the addition of the above-described
silver nitrate aqueous solution, 1000 ul of a 150 mM
trisodium citrate aqueous solution was added and the stirring
rate was slowed down. After 4 hours of continuous stirring,
an aqueous dispersion of silver nanoplate nuclei b was
obtained.

(vi1) 1250 ul of the above-described aqueous dispersion of
silver nanoplate nucle1 b and 78 ul of a 20 mM ascorbic acid
aqueous solution were sequentially added to 18 ml of
ultrapure water while stirring.

(vi1) 5700 ul of a 0.5 mM silver nitrate aqueous solution
was added at a flow rate of 1000 ul/min while stirring more
vigorously.

(1x) At the end of the addition of the above-described
silver nitrate aqueous solution, the stirring rate was slowed
down, and stirring was continued for another 4 hours,
thereby obtaining an aqueous dispersion of plate-like silver
nanoparticles.

The finally obtained silver nanoplate aqueous dispersion
was dried and observed with SUS000 series scanning elec-
tron microscope from Hitachi. As a result, the shapes of the
principal planes of the silver nanoplates were a triangle or a
hexagon, where the long axis of the principal plane was 500
nm or longer, the thickness was 10 to 20 nm, and no
spherical silver nanoparticles were found to be contained
(see FIG. 4).

| Preparation of Plate-Like Silver Nanoparticle-Lipophilic
Clay Composite]

1% by weight of dichlorobenzene dispersion solution of
the lipophilic synthetic clay described in Example 1 was
prepared. Then, 0.1 ml was taken from the prepared disper-
sion solution, diluted with dichlorobenzene to 2 ml, then
added and well shaken with 100 ml of the above-described
silver nanoplate aqueous dispersion, subjected to extracting
operation and left alone, which resulted an organic phase
with a fairly pale light blue color. Since the water phase that
presented the pale light blue color became completely
colorless upon leaving alone, most of the plate-like silver
nanoparticles 1n the water phase seemed to have moved to
the organic phase and condensed upon forming a composite
with the lipophilic synthetic clay. The condensation rate
numerically reached 100 ml/2 ml=50 times.

Next, a polyvinyl butyral resin was added to this organic
phase solution to 0.005% by weight to obtain a paint
material. Subsequently, an equivalent amount of ethanol was
added to said matenial, and the resultant was applied onto a
glass substrate that had underwent alkaline wash. The resul-
tant was heat dried with a drier. As a result, a coating having
almost colorless and transparent interference iringes was
formed, which was confirmed to keep adhesion even upon
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contact with alcohol. Moreover, the surface resistance of
said coating was measured to be at a value of around 10°
(2/sq. at normal temperature and pressure, confirming an
cllect of significantly increasing conductivity that was

higher by six figures or more than that in the case of glass
substrate only.

Comparative Example 2

Preparation of Plate-Like Silver
Nanoparticle-Hydrophilic Clay Composite

1% by weight of an aqueous dispersion of the hydrophilic
synthetic saponite described in Comparative Example 1 was
prepared. 0.1 ml was taken from the prepared dispersion
solution, added with 100 ml of the silver nanoplate aqueous
dispersion described in Example 2, then added and well
shaken with 2 ml of dichlorobenzene, subjected to extracting
operation and left alone, which resulted a colorless and
transparent organic phase, unlike Example 2. The water
phase that presented pale light blue color maintained its
nature while 1t was left alone. Accordingly, most of the
plate-like silver nanoparticles of the water phase seemed to
have remained in the water phase.

Next, a polyvinyl alcohol resin was added to this water
phase solution to 0.005% by weight to obtain a paint
material. Subsequently, an equivalent amount of ethanol was
added to this material and the resultant was applied onto a
glass substrate that had underwent alkaline wash. The resul-
tant was heat dried with a drier. As a result, an ununiform
coating with scattering agglomerates was formed. This dry
coating easily peeled off from the substrate upon contact
with alcohol. Moreover, the surface resistance of said coat-
ing was measured to be at a value of around 10'° Q/sq. at
normal temperature and pressure, which was enormously
large and cannot be compared with Example 2.

Example 3

Preparation of Naturally-Derived Lipophilic
Clay-Based Intercalation Compound

1 gram of natural montmorillonite (from Kunimine Indus-
tries Co., Ltd., trade name: Kunipia F) was dispersed 1n 60
ml of pure water in microparticles to prepare a dispersion
solution. A solution, 1n which 0.5 grams of trimethyl octa-
decyl dimethyl ammonium chloride was dissolved in 60 ml
of pure water that had been heated to 50° C., was added to
the above-described microparticle dispersion solution con-
taining the natural montmorillonite while stirring and heat-
ing at 50° C. After mixing the solution, an hour of stirring
was continued and the resultant was left overnight so that the
temperature was allowed to return to room temperature. Pale
yellow sediment precipitated. The precipitated sediment was
filtered, collected, washed with 100 ml of pure water and
cold methanol 1n this order and dried.

|Preparation of Composite of Plate-Like Silver Nanopar-
ticles and Naturally-Derived Lipophilic Clay]

1% by weight of a dichlorobenzene dispersion solution of
the above-described naturally-derived lipophilic synthetic
clay was prepared. 0.1 ml was taken from the prepared
dispersion solution, diluted to 2 ml with dichlorobenzene,
added and well shaken with 100 ml of silver nano plate
aqueous dispersion described 1 Example 2, subjected to
extracting operation and left alone, which resulted an
organic phase with a fairly pale light blue color. Since the
water phase that presented the pale light blue color became
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completely colorless while being left alone, most of the
plate-like silver nanoparticles in the water phase seemed to
have moved to the organic phase and condensed upon
forming a composite with the naturally-derived lipophilic
clay. The condensation rate numerically reached 100 ml/2
ml=50 times.

Next, polyvinyl butyral resin was added to this organic
phase solution to 0.005% by weight to obtain a paint
material. Subsequently, an equivalent amount of ethanol was
added to said maternial, and the resultant was applied onto a
glass substrate that had underwent alkaline wash. The resul-
tant was heat dried with a drier. As a result, a coating having
almost colorless and transparent interference Iringes was
formed, which was confirmed to keep adhesion even upon
contact with alcohol. Moreover, the surface resistance of
said coating was measured to be at a value of around 10°
(2/sq. at normal temperature and pressure showing a level
comparable to that of Example 2, confirming an effect of
significantly increasing conductivity that was higher by six
figures or more than that 1n the case of glass substrate only.

INDUSTRIAL APPLICABILITY

The structure of the present invention can be formed 1nto
a film-like support or formed 1nto a film for application to an
antistatic film, a conductive film, a transparent conductive
f1lm, an antireflective film, a transparent electrode for elec-
tronic paper, an antibacterial film, a catalyst carrier film, a
light scattering coating film, mother paste, a plasmonic
collector film or the like, or can be coated on a semicon-
ductor or the like for application to a flexible solar cell, a
photoelectric converter device such as electroluminescence,
an optical capacitor, an optical storage battery or the like.

The mmvention claimed 1s:

1. A composition comprising composite particles, wherein
the composite particles comprise metal particles and a
lipophilic clay-based intercalation compound at a weight
ratio represented by weight of lipophilic clay-based inter-
calation compound /weight of metal particles of 0.05 to 20,
wherein the metal particles are plate shaped metal particles,
where the thickness thereof 1s 1 nm to 50 nm and the long
axis of the principal plane thereof 1s 10 nm to 5000 nm;
wherein the surfaces of the plate shaped metal particles are
covered by lipophilic clay-based intercalation compound;
wherein the metal particles 1s at least one-selected from a
group consisting of gold, silver, copper, platinum, palladium
and rhodium; and the metal particles are positively charged;
and

wherein the lipophilic clay-based intercalation compound

1s a clay mineral represented by the following general
formula:

(X,Y)5.32,0,0(OH)>- mH50(W | 3),

where X=Al, Fe(lll), Mn(IIl), Cn(Ill); Y=Mg, Fe(Il),
Mn(II), N1, Zn, L1; Z=S1, Al; W=K, Na, Ca; H,O 1s inter-
layer water; and m 1s an integer and the lipophilic clay-based
intercalation compound 1s negatively charged, so that the
metal particles and the lipophilic clay-based intercalation
compound are attracted to each other to form the composi-
tion composite particles.

2. The composition according to claim 1, wherein the
aspect ratio of the plate shaped metal particles 1s 3 to 5000.

3. The composition according to claim 1, wherein the
metal particles contain silver.

4. The composition according to claim 1, wherein the
lipophilic clay-based intercalation compound 1s a synthetic
compound.
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5. The composition according to claim 1, wherein the
composite particles are dispersed into a dispersion solution
to form of a film.

6. The composition according to claim 5, wheremn a
thickness of the film shaped structure 1s 10 um or less.

7. A method for producing a coating film comprising
composite particles containing metal particles and a lipo-
philic clay-based intercalation compound at a weight ratio
represented by weight of lipophilic clay-based intercalation
compound/weight of metal particles of 0.05 to 20, the
method comprising Steps 1 to 3 below:

Step 1: step of preparing a dispersion solution containing
metal particles, a clay-based intercalation compound
and a liquid dispersion medium such that the weight
ratio represented by weight of lipophilic clay-based
intercalation compound/weight of metal particles 1s
0.05 to 20, and the surfaces of the plate shaped metal
particles are covered by the lipophilic clay-based inter-
calation compound to form the composite particles;

Step 2: step of coating the dispersion solution on a support
to obtain a coating film; and
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Step 3: step of removing the ligmid dispersion medium
from the coating film, wherein

ne metal particles are plate shaped metal particles, where
ne thickness thereof 1s 1 nm to 50 nm and the long axis of
ne principal plane thereof 1s 10 nm to 5000 nm:;
ne metal particles 1s at least one-selected from a group
consisting of gold, silver, copper, platinum, palladium and
rhodium; and the metal particles are positively charged; and
wherein the lipophilic clay-based intercalation compound 1s
a clay mineral represented by the following general formula:

t
t
t
t

(X,Y)5.3240,0(OH)>-mH50(W | 3),

where X=Al, Fe(lll), Mn(IIl), Cn(Ill); Y=Mg, Fe(ll),
Mn(II), N1, Zn, L1; Z=S1, Al; W=K, Na, Ca; H,O 1s 1inter-
layer water; and m 1s an integer and the lipophilic clay-based
intercalation compound 1s negatively charged, so that the
metal fine particles and the lipophilic clay-based intercala-
tion compound are attracted to each other to form the
composite particles.
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